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Immigration, unemployment and GDP in the host country: Bootstrap panel Granger causality analysis on OECD countries
Introduction
During the last decades, most OECD countries experienced an increase in international migration. Indeed, the number of immigrants received in OECD countries substantially increased in the last decades, from about 82 millions in the 1990 to 127 million in the 2010 (United Nation, 2009). Immigrants are the main source of population growth in the OECD countries. They contribute more and more to population growth, compared to natural increase (the excess of births over deaths), particularly in European countries during the last years ( Figure 1 ). In the context of the aging population and the shrinking working age population, migration flows are likely to continue at a sustained pace in the next decades. A u s t r a l i a A u s t r i a B e l g i u m C a n a d a D e n m a r k F i n l a n d F r a n c e G e r m a n y G r e e c e I c e l a n d I r e l a n d I t a l y L u x e m b o u r g N e t h e r l a n d s N e w Z e a l a n d N o r w a y P o r t u g a l S p a i n S w e d e n S w i t z e r l a n d
U n i t e d K i n g d o m U n i t e d S t a t e s
Natural increase Net migration However, there is a public and political concern about the impact of the international migration on economic conditions in the receiving countries. Economists have studied, both theoretically and empirically, the impact of immigration on a variety of host country outcomes 1 and also how economic 1 See Okkerse (2008) and Keer and Keer (2011) for a review of literature.
conditions in the receiving countries affect migration flows.
Theoretical studies (Johnson, 1980; Grossman, 1982) on the impact of immigration on labour market in host countries show that the effects of immigrants on the employment of residents depend on whether immigrants and natives are substitutes or complements in production. Generally, the empirical studies on the impact of immigration on labour market in host countries conclude that migration flows do not reduce the labour market prospects of natives (Simon et al., 1993; Pischke and Velling, 1997; Dustmann et al., 2005) .
Theoretical studies on the effect of immigration on growth show that if migrants are skilled an inflow of migrants will have a less negative effect on growth compared to the natural increase in population (Dolado et al., 1994; Barro and Sala-i-Martin, 1995) . This result is corroborated by the findings from the empirical papers (Dolado et al., 1994; Ortega and Peri, 2009) .
Some empirical papers have examined the causality between immigration and unemployment and growth on data from different countries (Pope and Withers, 1985; Marr and Siklos, 1994; Islam, 2007; Morley, 2006) . The idea is based on the fact that migrants take into account job opportunities in their decision to migrate and the economic conditions are likely to have a significant impact on migrations policies. Generally, the empirical papers on the causal link between immigration and host economic activity find no evidence of migration causing unemployment and growth, but find evidence of causation running in the opposite direction.
This paper contributes to the existing literature on immigration by investigating the causality relationship between immigration and host country economic conditions (unemployment and growth) using the panel Granger causality testing approach recently developed by Kònya (2006) that is based on SUR systems and Wald tests with country specific bootstrap critical values. This approach allows to test for Granger-causality on each individual panel member separately by taking into account the contemporaneous correlation across countries. Therefore, for each country, it allows to test for the causality relationship between immigration and host economic variables depending on immigration policy.
We use annual data over the 1980-2005 period for 22 OECD countries which are the major host countries (Figure 1 ). Our study provides evidence that immigration does not cause host economic conditions (unemployment and income per capita) and the influence of host economic conditions on immigration depends on the host country. Indeed, on the one hand, our finding suggests that, only in Portugal, unemployment negatively Granger causes immigration inflow, while in any country, immigration inflow does not Grange cause unemployment. On the other, our results indicate that, in four countries (France, Iceland, Norway and the United Kingdom), economic growth positively Granger causes immigration inflow, while in any country, immigration inflow does not Granger cause economic growth. This heterogeneity in the influence of host economic conditions on immigration can be related to the characteristics of host country immigration policies.
The remainder of the paper is organized as follows. The existing literature on the interaction between immigration, unemployment and growth is reviewed in Section 2. Section 3 presents the econometric methodology. Section 4 describes the data and reports the empirical results. Finally, Section 5 offers some concluding remarks.
Literature review
Since the early 1980s a considerable literature on immigration has been developed. The main concern is about the effect of immigration on labour market and economic growth in the host country.
Theoretical papers by Johnson (1980) , Borjas (1987) , Schmidt et al. (1994) and Greenwood and Hunt (1995) show that the effects of immigrants on the employment of residents depend on whether immigrants and natives are substitutes or complements in production. If the labour suppliers of residents and recent immigrants are substitutes, an inflow of immigrants will reduce wages (assuming wage adjustment to clear the labour market) and will increase the total employment. If labour force participation rates are sensitive to real wage rates, part of adjustment will occur through resident employment. So, immigration may cause unemployment among natives who are not willing to work at this lower wages. On the contrary, if residents and immigrant workers are complements in production (immigrants may be particularly adept at some types of jobs) the arrival of new immigrants may increase resident productivity and then raise their wages and their employment opportunities.
Generally, empirical studies on the impact of immigration on labour market in host countries conclude that migration flows do not reduce the labour market prospects of natives. For example, the empirical studies based on the spatial correlation approach (Simon et al., 1993 for the U.S; Pischke and Velling, 1997 for Germany; Dustmann et al., 2005 for the U.K.) find no adverse effects of immigration on native unemployment. This result is corroborated by findings from the studies based on natural experiments, i.e., immigration caused by political rather than economic factors (Card, 1990 for the Mariel Boatlift 2 and Hunt, 1992 for the return of "pieds-noirs" in France after the independence of Algeria). Contrary to the studies mentioned above that are conducted at the country level, Angrist and Kugler (2003) use a panel of 18 European countries from 1983 to 1999 and find a slightly negative impact of immigrants on native labour market employment. Jean and Jimenez (2007) evaluate the unemployment impact of immigration (and its link with output and labour market policies) in 18 OECD countries over the period 1984 to 2003, and they do not find any permanent effect of immigration.
Some theoretical works (Dolado et al., 1994; Barro and Sala-i-Martin, 1995) use a Solow growth model augmented by human capital to analyze the effects of immigrants on growth. They conclude that the effects of migration on economic growth depend on the skill composition of immigrants. The more migrants are educated, the more immigration has a positive effect on the economic growth in the host country.
Estimating an augmented Solow model on data from OECD economies during the 1960-1985 period, Dolado et al. (1994) A number of studies evaluate the fiscal impacts of immigration to examine whether immigration burdens the host country's social welfare systems more than is covered by the taxes paid by the immigrants (Auerbach and Oreopoulos, 1999; Borjas, 1995 Borjas, , 2001 Passel and Clark, 1994) . These studies generally conclude that the total economic impact on the host country is relatively small.
Since migrants take into account job opportunities in their decision to migrate and because the economic conditions in host countries are likely to have a significant impact on migration policies, some empirical papers examine whether the migration flows respond to host country economic conditions. Particularly, some previous papers examine the Granger causality links between immigration and unemployment using data on individual country (Pope and Withers, 1985 for Australia; Marr and Siklos, 1994 and Islam, 2007 for Canada) . They find no evidence of migration causing higher average rates of unemployment, but find evidence of causation running in the opposite direction. However, Shan et al. (1999) find no Granger-causality between immigration and unemployment, using data from Australia and New Zealand. Morley (2006) finds evidence of a long-run Granger causality running from per capita GDP to immigration on data for Australia, Canada and the USA.
Contrary to these previous empirical papers that examine the Granger causality between immigration and unemployment and growth using data on individual country, we employ here panel Granger causality techniques for a panel of OECD countries. We use the panel Granger causality testing approach of Kònya (2006) that is based on SUR systems and Wald tests with country specific bootstrap critical values. Firstly, since country spe-cific bootstrap critical values are generated, this approach allows to test for Granger-causality on each individual panel member separately by taking into account the possible contemporaneous correlation across countries. Generating country specific bootstrap critical values allows not to implement pretesting for unit roots and cointegration. Finally, bootstrapping provides a way to account for the distortions caused by small samples.
Econometric methodology
Three approaches can be implemented to test for Granger-causality in a panel framework. The first one is based on the Generalized Method of Moments (GMM) that estimates (homogeneous) panel model by eliminating the fixed effect. However, it does not account for neither heterogeneity nor cross-sectional dependence 3 . A second approach that deals with heterogeneity was proposed by Hurlin (2008) , but its main drawback is that the possible cross-sectional dependence is not taken into account. The third approach developed by Kònya (2006) allows to account for both cross-sectional dependence and heterogeneity. It is based on Seemingly Unrelated Regression (SUR) systems and Wald tests with country specific bootstrap critical values and enables to test for Granger-causality on each individual panel member separately, by taking into account the possible contemporaneous correlation across countries. Given its generality, we will implement this last approach in this paper.
The panel causality approach by Kònya (2006) that examines the relationship between Y and X can be studied using the following bivariate finite-order vector autoregressive (VAR) model:
where the index i (i = 1, ..., N ) denotes the country, the index t (t = 1, ..., T ) the period, s the lag, and ly 1 , lx 1 , ly 2 and lx 2 indicate lag lengths. The error terms, ε 1,i,t and ε 2,i,t are supposed to be white-noises (i.e. they have zero means, constant variances and are individually serially uncorrelated) and may be correlated with each other for a given country. Moreover, it is assumed that Y and X are stationary or cointegrated so, depending on the time-series properties of the data, they might denote the level, the first difference or some higher difference.
We consider two bivariate systems. In the former system System 1 : (Y = U, X = M ) where U and M denote unemployment rate and net migration rate, respectively. In the latter System 2 : (Y = LGDP, X = M ), where LGDP denotes the natural logarithm of per capita real GDP (or real income). 4 With respect to system (1) for instance, in country i there is one-way Granger-causality running from X to Y if in the first equation not all γ 1,i 's are zero but in the second all β 2,i 's are zero; there is one-way Grangercausality from Y to X if in the first equation all γ 1,i 's are zero but in the second not all β 2,i 's are zero; there is two-way Granger-causality between Y and X if neither all β 2,i 's nor all γ 1,i 's are zero; and there is no Grangercausality between Y and X if all β 2,i 's and γ 1,i 's are zero.
Since for a given country the two equations in (1) contain the same predetermined, i.e. lagged exogenous and endogenous variables, the OLS estimators of the parameters are consistent and asymptotically efficient. This suggests that the 2N equations in the system can be estimated one-by-one, in any preferred order. Then, instead of N VAR systems in (1), we can consider the following two sets of equations:
and
. .
Compared to (1), each equation in (2), and also in (3), has different predetermined variables. The only possible link among individual regressions is contemporaneous correlation within the systems. Therefore, system 2 and 3 must be estimated by (SUR) procedure to take into account contemporaneous correlation within the systems (in presence of contemporaneous correlation the SUR estimator is more efficient than the OLS one). Following Kònya (2006) , we use country specific bootstrap Wald critical values to implement Granger causality 5 . Generating bootstrap Wald critical allows Y and X not to be necessary stationary, they can denote the level, the first difference or some higher difference.
This procedure has several advantages. Firstly, it does not assume that the panel is homogeneous, so it is possible to test for Granger-causality on each individual panel member separately by taking into account the possible contemporaneous correlation across countries. Therefore, for each country, it allows to test the causality relationship between immigration and host economic variables depending on immigration policy. Secondly, this approach which extends the framework by Phillips (1995) by generating country specific bootstrap critical values does not require pretesting for unit roots and cointegration. This is an important feature since unit-root and cointegration tests in general suffer from low power, and different tests often lead to contradictory results. Finally, bootstrapping provides a way to account for the distortions caused by small samples.
To check the robustness of our results, we consider two trivariate specifications. However, our focus will remain on the bivariate, one-period-ahead relationship between migration and unemployment or per capita GDP, so we will not consider the possibility of two variables jointly causing the third one. In the former System 3 : (Y = U, X = M, Z = LGDP ), when testing for the causality between migration and unemployment, GDP per capita is treated as an auxiliary variable; whereas in the latter System 4 : (Y = LGDP, X = M, Z = U ) when testing for the causality between migration and GDP per capita, unemployment is treated as an auxiliary variable. Therefore, the trivariate specifications allows to test for the causality between migration and unemployment, or GDP per capita by taking into account the correlation between unemployment and economic growth. For the trivariate systems, the corresponding augmented variants of (2) and (3) are
Data and Econometric investigation
We use annual data over the period 1980 to 2005 for 22 OECD countries 6 which are the major host countries. We use net migration, because, as mentioned by OECD, the main sources of information on migration vary across countries. This may pose problem for the comparability of available data on inflows and outflows. Since the comparability problem is generally caused by short-term movements, as argued by OECD (2009), taking net migration tends to eliminate these movements that are the main source of non-comparability. Besides, compared to data on inflows and outflows, for the countries that we consider, there are long available series on data on net migration. Net migration rate is measured as total annual arrivals less total departures, divided by the total population. Net migration data include immigrants from OECD countries and do not make a distinction between nationals and foreigners. Entries of persons admitted on a temporary basis are not included in this statistic. Only permanent and long-term movements are considered 7 . Real GDP (in 2000 Purchasing Power Parities) per capita is used to measure real income. The unemployment rate is the ratio of the labour force that actively seeks work but is unable to find work. All variables are taken from OECD Databases. 7 Unauthorized migrants are not taken into account at the time of arrival. They may be included when they are regularized and obtain a long-term status in the country. would lead to an increase in the computational burden substantially. To overcome this problem, following Kònya (2006) we allow maximal lags to differ across variables, but to be the same across equations. We estimate the system for each possible pair of ly 1 , lx 1 , ly 2 , and lx 2 respectively by assuming from 1 to 4 lags and then choose the combinations minimizing the Akaike Information Criterion (AIC). The AIC selects the following lags: in the first bivariate system ly 1 = 2, lx 1 = 1, ly 2 = 1, and lx 2 = 1; and in the second one ly 1 = 2, lx 1 = 1, ly 2 = 1 and lx 2 = 2. In the first trivariate system, we take ly 1 = 2, lx 1 = 1, lz 1 = 1, ly 2 = 1, lx 2 = 1 and lz 2 = 1; and in the second one ly 1 = 2, lx 1 = 1, lz 1 = 1, ly 2 = 1, lx 2 = 2 and lz 2 = 1. As mentioned above, testing for the cross-sectional dependence in a panel causality study is crucial for selecting the appropriate estimator. Following Kònya (2006) and Kar et al. (2010) , to investigate the existence of crosssectional dependence we employ three different tests: Lagrange multiplier test statistic of Breusch and Pagan (1980) for cross-sectional dependence and two cross-sectional dependence tests statistic of Pesaran (2004) , one based on Lagrange multiplier and the other based on the pair-wise correlation coefficients. The Lagrange multiplier test statistic for cross-sectional dependence of Breusch and Pagan (1980) is given by:
whereρ ij is the estimated correlation coefficient among the residuals obtained from individual OLS estimations. Under the null hypothesis of no cross-sectional dependence with a fixed N and large T, CD BP asymptotically follows a chi-squared distribution with N (N − 1)/2 degrees of freedom (Greene (2003) , p.350). Since, BP test has a drawback (indiquer lequel ?Dramane) when N is large, Pesaran (2004) proposes another Lagrange multiplier (CD LM ) statistic for cross-sectional dependence that does nor suffer from this problem. The CD LM statistic is given as follows: 
Under the null hypothesis of no cross-sectional dependence with the first T → ∞ and then N → ∞ , CD LM asymptotically follows a normal distribution. However, this test is likely to exhibit substantial size distortions when N is large relative to T. To tackle this issue, Pesaran (2004) proposes a new test for cross-sectional dependence (CD) that can be used where N is large and T is small. This test is based on the pair-wise correlation coefficients rather than their squares used in the LM test. The CD statistic is given by:
Under the null hypothesis of no cross-sectional dependence with the T → ∞ and then N → ∞ in any order, CD asymptotically follows a normal distribution. Pesaran (2004) show that the CD test is likely to have good small sample properties (for both N and T small).
Tables 2 reports the results of these cross-sectional dependence tests. The results in 2 show that, for bivarriate and trivariate systems, all the three tests reject the null of no cross-sectional dependence across the members of the panel at 5% level of significance, implying that the SUR method is appropriate rather than a country-by-country OLS estimation. Crosssectional dependence tests confirm that strong economic links exist between OECD countries members.
Results and Discussion
Tables 3-6 report the results of Granger causality. Notice that the bootstrap critical values are substantially higher than the chi-square critical ones usually applied with the Wald test, and that they vary considerably from a country to another and across tables 8 . This reflects Christophe propose de supprimer (the stationary property of the series and) Dramane confirmation? the cross-section dependance.
The results of causality tests from immigration to unemployment and from unemployment to immigration are displayed in Table 3 and Table 4 , respectively. The results of causality from immigration to per capita GDP and from GDP per capita to immigration are displayed in Table 5 and Table  6 , respectively. In tables 3-6, the column 'estimated coefficient' represents the estimated coefficient of x t−1 (y t−1 ) in the equation testing from Granger causality from X to Y (Y to X). Since, in each case, in testing from Granger causality from X to Y (Y to X), we have only one lag for X (Y ), this estimated coefficient represent both the short run and the long impact.
The results in Table 3 show that, in any country, there is no causality from immigration to unemployment. Table 4 shows that, for only Portugal, there is a significant (at the 10% level of significance) negative causality running from unemployment to immigration, whereas for the other countries there is no significant causality running from unemployment to immigration.
The results in Table 5 suggest that, in any country, there is no significant causality running from immigration to GDP. Table 6 shows that in four countries (France, Iceland, Norway and the United Kingdom) there is a Note:H0 : immigration does not cause per capita GDP. Column "Estimated coefficient" denotes the estimated coefficient of the lag of immigration rate in the equation testing for Granger causality from immigration rate to log (per capita GDP). Column "Test Stat." represents the Wald test statistic for Granger causality from immigration rate to log(per capita GDP). ***, **, and * indicate the rejection of the null hypothesis at the 1, 5, and 10 percent levels of significance, respectively. Note: H0 : per capita GDP does not cause immigration. Column "Estimated coefficient" denotes the estimated coefficient of the lag of log (per capita GDP) in the equation testing for Granger causality from log(per capita GDP) to immigration rate. Column "Test Stat." represents the Wald test statistic for Granger causality from log(per capita GDP) to immigration rate. ***, **, and * indicate the rejection of the null hypothesis at the 1, 5, and 10 percent levels of significance, respectively. positive significant causality running from GDP to immigration; while in the other countries there is no significant causality running from GDP to immigration. There is a positive causality running from GDP to immigration at 1 percent level of significance for Norway, 5 percent level of significance for Iceland and the United Kingdom Norway and 10 percent level of significance for France. Note: H0 : immigration does not cause unemployment. The column "Estimated coefficient" denotes the estimated coefficient of lag of immigration rate in the equation testing for Granger causality from immigration to unemployment rate. Column "Test Stat." represents the Wald test statistic for Granger causality from immigration to unemployment rate. ***, **, and * indicate the rejection of the null hypothesis at the 1, 5, and 10 percent levels of significance, respectively. Note: H0 : unemployment does not cause immigration. Column "Estimated coefficient" denotes the estimated coefficient of the lag of unemployment rate in the equation testing for Granger causality from unemployment to immigration. Column "Test Stat." represents the Wald test statistic for Granger causality from unemployment to immigration. ***, **, and * indicate the rejection of the null hypothesis at the 1, 5, and 10 percent levels of significance, respectively. Note:H0 : immigration does not cause per capita GDP. Column "Estimated coefficient" denotes the estimated coefficient of the lag of immigration rate in the equation testing for Granger causality from immigration rate to log(per capita GDP). Column "Test Stat." represents the Wald test statistic for Granger causality from immigration rate to log(per capita GDP). ***, **, and * indicate the rejection of the null hypothesis at the 1, 5, and 10 percent levels of significance, respectively. Note: H0 : GDP does not cause immigration. Column "Estimated coefficient" denotes the estimated coefficient of the lag of log (per capita GDP) in the equation testing for Granger causality from log(per capita GDP) to immigration rate. Column "Test Stat." represents the Wald test statistic for Granger causality from log(per capita GDP) to immigration rate. ***, **, and * indicate the rejection of the null hypothesis at the 1, 5, and 10 percent levels of significance, respectively.
To check the robustness of our findings, Tables 7-10 report the results using a trivariate specification. In the trivariate specifications, the focus will remain on the bivariate, one-period-ahead relationship between migration and and unemployment or GDP per capita, so we will not study the possibility of two variables jointly causing the third one. The results in Tables 7-10 corroborate the findings from the bivariate specifications (except for the significance level in some cases).
Our finding that immigration does not impact host economic variables supports the results from some previous studies (Simon et al., 1993; Dolado et al., 1994; Marr and Siklos, 1994; Pischke and Velling, 1997; Dustmann et al., 2005 Ortega and Peri, 2009) .
The result that immigration does not impact host GDP per capita can be explained by the human capital content of migration inflow (Dolado et al., 1994) . On the one hand, due to reduction in the capital/labour ratio in the host economy, increase in immigration (population) would leads to a decrease in output per capita. On the other hand, the more migrants are educated, the more immigration has a positive effect on the economic growth of the host country. If immigrants have little human capital, the negative impact caused by the reduction in the capital/labour ratio will dominate. If immigrant human capital levels are higher than natives' by a sufficient amount, immigration will increase output per capita. Therefore, our results suggest that, the human capital content of the migration inflow is high in order to compensate the negative effect caused by reduction in the capital/labour ratio. As a result there will be no negative impact of immigration on growth and employment.
The result that immigration does not cause resident unemployment can be explained as follows. According to theoretical models, the effects of immigration on wages and employment of host country residents, depend on the extent to which migrants are substitutes or complements to those of existing workers (Borjas, 1995) . If migrants and residents are substitutes, immigration will decrease wages by increasing competition in the labour market. The extent to which declining wages increases unemployment or inactivity among host country residents depends on the willingness of existing workers to accept lower wages. If, on the other hand, migrants are complementary to host country residents, the arrival of new immigrants may increase resident productivity and then raise their wages and their employment opportunities. Thus, our finding that immigration does not cause resident unemployment reflects the fact there may be a coexistence of substitutability and complementarity between migrants and residents. As mentioned by Orrenius and Zavodny (2007) , the degree of substitution between immigrants and natives is likely to vary across skill levels and over time. In fact, substitution can occur in industries with less skilled workers because employees are more interchangeable and training costs are lower than in industries with skilled workers. Moreover, the differences in the quality and relevance of education and experience acquired abroad make skilled immigrants less substitutable for skilled natives.
For some countries, the particular findings of causality from immigration to host economic variables can be related to their immigration policies. In the case of Portugal, the negative influence of unemployment on immigration can be explained by the fact that the needs of Portuguese employers play a significant role in the recruitment process of the newly arrived immigrants. Moreover, both Portuguese nationals and foreigners are more likely to immigrate to a third European country when the labour market situation is less favorable in Portugal.
In France, family component is the main channel of entry for long-term immigrants. The positive influence of the economic growth on migration flows may be related to family reunification requirements. In order to bring their families, immigrants have to satisfy a minimum level of income. During a period of higher growth, immigrants have great possibility to satisfy this minimum level of income criteria. Moreover, economic migration to France mainly includes immigrants from European countries (such as Portugal) that are attracted by better economic prospects.
Norway and Iceland are two small countries with high incomes and high demand for labour. So, the main attraction for immigrants to these two countries is the high standard of living. A large percentage of labour immigration is from Nordic neighbours and OECD countries. The booming economy and the increased demand of labour in Norway and Iceland led authorities to allow the entry of labour migrants over the last years.
Finally, the explanation of the result for the United-Kingdom is as follows. Immigrants to the United Kingdom are more attracted by the prospect of higher wages produced by the greater economic growth. In the United Kingdom, labour migration represents a sizable percentage of total inflows 
Concluding Remarks
This paper has examined the causality between immigration and the economic conditions of host countries (unemployment and growth). We have employed the panel Granger causality testing approach recently developed by Kònya (2006) that is based on SUR systems and Wald tests with country specific bootstrap critical values. We have used annual data over the 1980-2005 period for 22 OECD countries which are the major host countries.
Our study has provided evidence that immigration does not cause host economic conditions (unemployment and income per capita) and the influence of host economic conditions on immigration depends on the host country. Indeed, on the one hand, our finding suggests that, only in Portugal, unemployment negatively Granger causes immigration inflow, while in any country, immigration inflow does not Granger cause unemployment. On the other hand, our results indicate that, in four countries (France, Iceland, Norway and United Kingdom), economic growth positively Granger causes immigration inflow, whereas in any country, immigration inflow does not Granger cause economic growth. This heterogeneity in the influence of host economic conditions on immigration can be related to the characteristics of host country immigration policies.
In order to tackle the problem of ageing population, many OECD countries see immigration as a potential solution to compensate for labour shortage. Our results have revealed that immigration flows do not harm the employment prospects of residents.
We employ a test for serial correlation in residual based on the approach proposed by Wooldridge (2002) The errors η i,t are heteroskedastic (because var(ε i,t ) = σ 2 i ), and contrary to Wooldridge (2002) , in our case, the errors η i,t are cross-sectional correlated (because cov(ε i,t , ε j,t ) ̸ = 0). Then, we implement the regression of u i,t on u i,t−1 using Feasible Generalized Least Squares (FGLS) estimation that allows for heteroskedastic error structure with cross-sectional correlation. To test for ρ = −0.5, we use the Wald test statistic that follows, under the null hypothesis, a chi-squared distribution with 1 degree of freedom.
The results of serial correlation test are reported in Table A-1. U , M and LGDP denote unemployment rate, net migration rate and natural logarithm of per capita real GDP, respectively. The lag length are selected by Akaike Information Criterion and Schwarz Bayesian Criterion. The test for serial correlation is based on the approach proposed by Wooldridge (2002) . H0: no firstorder autocorrelation. The test statistic is the Wald test statistic that follows, under the null hypothesis, a chi-squared distribution with 1 degree of freedom. P-values are in parentheses.
